AbstrACt
Purpose The West Sweden Asthma Study (WSAS) is a population-representative longitudinal study established to: (1) generate data on prevalence trends, incidence and remission of asthma, allergy and respiratory conditions, (2) elucidate on the risk and prognostic factors associated with these diseases, (3) characterise clinically relevant phenotypes of these diseases and (4) catalyse relevant mechanistic, genomic, genetic and translational investigations. Participants WSAS comprised of randomly selected individuals aged 16 to 75 years who are followed up longitudinally. The first stage involved a questionnaire survey (>42 000 participants) and was undertaken in 2008 and 2016. A random sample (about 8000) of participants in the initial survey undergoes extensive clinical investigations every 8 to 10 years (first investigations in 2009 to 2012, second wave currently ongoing). Measurements undertaken at the clinical investigations involve structured interviews, self-completed questionnaire on personality traits, physical measurements and extensive biological samples. Findings to date Some of our key findings have shown a 54% increase in the use of asthma medications between the 1990s and 2000s, primarily driven by a five-fold increase in the use of inhaled corticosteroids. About 36% of asthmatics expressed at least one sign of severe asthma indicator, with differential lung performance, inflammation and allergic sensitisation among asthmatics with different signs of severe asthma. Multi-symptom asthmatics were at greater risk of having indicators of severe asthma. In all adults, being raised on a farm was associated with a decreased risk of allergic sensitisation, rhinitis and eczema, but not asthma. However, among adolescents (ie, those 16 to 20 years of age), being raised on a farm decreased the risk of asthma. Personality traits were associated with both beliefs of asthma medication and adherence to treatment. Future plans Follow-up of the cohort is being undertaken every 8 to 10 years. The repeated clinical examinations will take place in 2019 to 2022. The cohort data are currently being linked to routine Swedish healthcare registers for a continuous follow-up. Mechanistic, genomic, genetic and translational investigations are ongoing.
IntroduCtIon
According to the 2015 Global Burden of Disease study, nearly 400 million people across all age groups currently live with asthma globally. 1 The report also ranked asthma among the 10 causes of disability in 2015, affecting strengths and limitations of this study ► The West Sweden Asthma Study (WSAS) is a largescale multidisciplinary population-representative longitudinal study on adult asthma and respiratory health, representing one of the largest of such cohorts in Europe. ► WSAS has several ongoing collaborations with investigators across the Nordic countries, with the Obstructive Lung Diseases in Northern Sweden studies, and the FinEsS studies in Finland, Estonia and Sweden and the survey instruments used have been adapted from these ongoing studies. ► With a large sample size, comprehensive measures, and long-term longitudinal design, WSAS provides an opportunity for a continuous generation of contemporary data on the trends in incidence and prevalence of adult asthma and successfully undertaking disease phenotyping. ► With the extensive clinical and molecular investigations being undertaken, WSAS represents one of the unique platforms to undertake cutting-edge mechanistic, genomic, genetic and translational investigations of the underlying pathogenesis of asthma. ► Although the participation rate in WSAS was overall average (with a decline between the surveys in 2008 and 2016), we anticipate, as reflected in current trends in population-based surveys, a continuous decline in response rate over time.
Open access people of all ages, sexes and races. 1 From the latter half of the last century, the prevalence of asthma was seen to be increasing across different parts of the world. [2] [3] [4] [5] While some recent data indicate a levelling off in some parts of the world, particularly in Australia 2 6 7 and some European countries, 2 8-14 other evidence suggests a continuing increase in urbanised settings of low-and middle-income countries 15 and some increase in some parts of Europe, for example, Finland, Italy and Sweden. [16] [17] [18] [19] Much of the available data on asthma prevalence trends have however emanated from children and adolescent populations.
There are paucity of data on the prevalence trends in adults, particularly the trends after the 1990s. 2 Well-designed population-representative long-term longitudinal studies are required to obtain contemporary trends in the prevalence of asthma in adults.
Over the last decade, our understanding of the pathogenesis of asthma has been greatly advancing. [19] [20] [21] Contrary to previous understanding, it is now continuously appreciated that asthma is a complex and heterogeneous syndrome with different underlying distinct phenotypes. [20] [21] [22] [23] [24] These phenotypes tend to present with varying clinical pictures, prognosis, risk factors and response to treatment. [22] [23] [24] Through analyses of several children cohorts, common asthma phenotypes have been characterised, including transient wheezing, non-atopic wheezing and IgE-mediated wheezing. 25 26 In contrast, the lack of well-designed population-representative cohorts has meant that far less knowledge has been gained regarding asthma phenotypes in adults. There are today several partly similar suggested groupings of asthma phenotypes in adults; one of the common approaches has been to group them into three: (1) trigger-induced asthma (eg, occupational asthma, cigarette smoke-induced asthma, exercise-induced asthma), (2) symptom-based asthma (eg, asthma with persistent airflow limitation, adult-onset asthma, obesity-related asthma) and (3) biomarker-based asthma (eg, eosinophilic-associated asthma). 23 25 27 28 Adult-onset asthma is different from asthma in childhood 29 30 and it is less associated with allergy and atopy, but is often associated with obesity, represents more severe disease, has low remission rate, poor prognosis and faster decline in lung function. 30 31 Definitive phenotyping of adult asthma will engender better insights into the potential disease mechanisms and will help to identify potentially relevant biomarkers that can aid more targeted treatment. 24 32 33 The West Sweden Asthma Study (WSAS) 13 is a large-scale multi-disciplinary population-representative longitudinal study on asthma, which was established in 2008 with the overarching aim of contributing to better understanding of asthma in adults. WSAS has both short-term and longterm goals (figure 1). The short-term goal is to generate data on the trends in prevalence, incidence and remission of asthma, respiratory conditions, chronic obstructive pulmonary disease (COPD) and allergic diseases in adults in the western Swedish population and to elucidate on the risk and prognostic factors associated with these diseases, as well as the patterns in asthma remission. The long-term goals are to: (1) characterise clinically relevant phenotypes of asthma, allergy and respiratory conditions and perform detailed clinical and molecular epidemiological investigations of these conditions and (2) catalyse Open access relevant mechanistic, genomic, genetic and translational investigations for better understanding of asthma.
Cohort desCrIPtIon study population WSAS involves an initial cross-sectional survey of randomly selected individuals aged 16 to 75 years who are then subsequently followed up longitudinally (figure 2). 13 34 The first survey (WSAS I) was undertaken in 2008 in which a random sample of 30 000 people (representative of the age and sex composition of the study area) were invited. Of the survey participants, excluding those who were not traceable (n=782), 18 087 (all 62%, women 67%, men 56%) participated in the study. From the participants, a random sample of 2000 people from all participants and additional 1524 subjects with asthma (altogether 3524 people) were invited to take part in extensive clinical investigations. Of those invited, 2006 participated in the clinical investigations, which took place between 2009 and 2012. 33 A second survey (WSAS II) was carried out in 2016 in which a random sample of 50 000 people of the same age group as in WSAS I were invited to take part in the study. The sampling base (areas covered) in WSAS II did not fully overlap with WSAS I; moreover, each survey constitutes different participants. In total, 24 534 (all 50%, women 56%, men 46%) of the 50 000 invited participated in the study. About 2200 of those that participated in WSAS II have current asthma; in addition to these, 4000 random sample from all participants (altogether 6200 people) will be invited to take part in the extensive clinical phase of the study. The goal of WSAS II was to study prevalence change and also to expand the overall study base and to enhance the number of participants included in subsequent clinical phases of the study.
Cohort follow-up
Those who participated in WSAS I in 2008 were invited for a follow-up survey in 2016. In addition, those who took part in the clinical investigations between 2009 and 2012 have been invited and are currently undergoing follow-up clinical investigations. Our goal is to capture incident cases of the outcomes, investigate the role of baseline risk factors in disease incidence and to measure changes in clinical outcomes post-baseline. Continuous follow-up of the cohort will continue, and this is planned to take place at approximately 8 to 10 years, at which time measurable changes should have occurred in the study population. Those who participated in WSAS II will be similarly followed and investigated as those in WSAS I. We also obtained consent from participants and ethical approval to link the study data to routine healthcare registers for a continuous follow-up. Linkable registers include the National Board of Health and Welfare (register of causes of deaths, hospitalisations, primary healthcare and medication prescriptions), Statistics Sweden (containing information on demographics) and the Swedish Health Insurance Authority (register of working life, sickness leaves and retirement). Table 1 contains a summary of the measurements undertaken at different phases of the study. At baseline, participants received a postal self-completed questionnaire that contained questions that have been previously used in the Obstructive Lung Diseases in Northern Sweden (OLIN), 35 36 the Global Allergy and Asthma European Network (GA 2 LEN) studies, the FinEsS studies in Finland, Estonia and Sweden 37 38 and the European Community Respiratory Health Survey (ECRHS). 39 The questions adapted from OLIN and ECRHS focused on asthma, Open access rhinitis, chronic bronchitis/COPD/emphysema, respiratory symptoms, use of asthma medication and potential risk factors, including smoking habits, family history of respiratory diseases, type of occupation, occupational and environmental exposures, co-morbidities and socio-economic status. The GA 2 LEN questionnaire was used to add detailed questions about rhinitis and eczema. The applicable sections of the questionnaire were translated into Swedish before use in the study. A sample ECRHS questionnaire is publicly available at http://www. ecrhs. org/ Quests/ ECRH SIIm ainq uest ionnaire. pdf. At the clinical investigations, a detailed structured interview is conducted, asking questions about presence of asthma, asthma symptoms and exacerbations, use of medications, healthcare use, obstructive and non-obstructive diseases, smoking habits, asthma triggers, virus-induced exacerbations and food intolerance. A self-completed questionnaire is also carried out to assess issues of health psychology, asking questions related to self-efficacy, personality traits, depression and anxiety and quality of life. The interview is followed by physical examinations including mainly lung function measurements with dynamic spirometry and in subsamples lung volumes, furthermore bronchial provocation test with methacholine, fraction of exhaled nitric oxide and measurement of various biological and blood samples including allergy testing with specific IgE, and skin prick tests. Other planned measurements will include proteomics, transcriptomics, genomics, genetics and linkage to Swedish population registers.
data collection

Patient and public involvement
There was no patient or public involvement in this study. Table 2 shows the distribution of baseline background characteristics of the study population by age and sex. Up to the age of 60 years, more females than males had university education in both WSAS I (2008) and WSAS II (2016) surveys. While the proportion of current smokers was higher in females than males in the youngest age group (≤30 years) in 2008, the proportion of current smokers was similar between males and females in 2016. Across all age groups, more males than females were exposed to gas and fumes at work place both in 2008 and 2016. The proportion of those raised on a farm was similar between males and females in both surveys and the proportion increased by age. More females than males in both surveys reported that they had a family history of allergy or asthma.
Findings to date Population characteristics
Key findings
The following findings are based only in WSAS I as analyses of WSAS II are currently ongoing. The following constitute the definitions used for the respective outcomes for which findings are reported below: Physician-diagnosed asthma was defined based on a positive response to the question: 'Have you been diagnosed as having asthma by a doctor?' Current asthma was defined as ever had asthma or diagnosed with asthma by a doctor and at least 1 of the Open access following: reported use of asthma medication, or recurrent wheeze, or attacks of shortness of breath during the last 12 months. Current allergic rhinitis was defined as having had sneezing, runny nose or nasal blocking apart from colds during the last 12 months and having these nasal symptoms occurring simultaneously with itching and running eyes. The definitions of eczema, which we have previously used, 40 were based on answers to the following questions: Itchy rash: 'Have you ever had an itchy rash which was coming and going for at least 6 months?' Hand eczema only: 'Does this (itchy rash) only affect your hands?' Current atopic eczema: 'Have you had this itchy rash in the last 12 months?' Eczema ever: 'Have you ever had eczema or any kind of skin allergy?' By comparing to a previous study performed in the study area in 1990, we determined that while the prevalence of most respiratory symptoms, including wheeze, sputum production and long-standing cough, substantially decreased by 2008, the prevalence of physician=diagnosed asthma (6% in 1990 vs 8% in 2008) remained relatively stable. 13 However, during the same period, there was a 54% increase in the use of asthma medications, which was primarily driven by a five-fold (1.5% to 7.7%) increase in the use of inhaled corticosteroids. 34 We have also shown that individuals with multi-symptom asthma (ie, report of concurrent presence of at least five asthma symptoms, present in 2% of the population) were at greater risk of having morbidity indicators of asthma severity, including lower forced expiratory volume in one second (FEV 1 ), higher fractional exhaled nitric oxide (FeNO) levels, elevated hyper-responsiveness, nasal blockage and chronic rhinosinusitis compared with those with less asthma symptoms. 41 42 By constructing different degrees of asthma severity based on the number of signs of severe asthma indicators, our recent results showed that about 36% of asthmatics expressed at least one sign of severe asthma indicator and that clinical measures of lung performance, inflammation and allergic sensitisation differ among asthmatics with different signs of severe asthma. 43 Based on our risk factor analyses (table 3) of WSAS I only (analyses of WSAS II are ongoing and not included in these results), we have shown that female gender (compared with males) was associated with an increased risk of current asthma and eczema, but not allergic rhinitis. 43 Having concomitant family history of asthma and allergic rhinitis (compared no family history of either conditions) was associated with an increased risk of current asthma and allergic rhinitis, but not current eczema. 44 A family history of allergic rhinitis only was also associated with an increased risk of allergic rhinitis, but not asthma and eczema; a family history of asthma only was not associated with asthma, rhinitis or eczema (table 3) . 44 Being raised on a farm was associated with a decreased risk of allergic sensitisation, allergic rhinitis and eczema [44] [45] [46] ;while it was not associated with asthma among all adults. 44 However, there was a decreased risk of asthma among adolescents (ie, those 16 to 20 years of age). 47 In that young age group, being raised on a farm significantly reduced the likelihood of using asthma medicine, OR 0.1 (0.02 to 0.95). 47 Obese individuals (compared with normal weight) was associated with the risk of asthma and allergic rhinitis, but not eczema. 44 Having at least one sibling was associated with an increased risk of asthma, but not allergic rhinitis, whereas, having two more siblings was associated with a decreased risk of eczema. 44 The strongest risk factor for eczema was family history of both asthma and allergy. 40 Sensitisation to airborne allergens was associated with an increased risk of asthma, allergic rhinitis and eczema. Finally, exposure to gas, dust or fumes at work place was associated with an increased risk of asthma and eczema, but not allergic rhinitis (table 3) . 44 The risk factors observed for asthma were similarly seen for aspirin-intolerant and aspirin-tolerant asthma. 48 We also showed that personality traits were associated with both beliefs of asthma medication and adherence to treatment, which indicate that individual differences are important in efforts to improve adherence. 49 Ongoing mechanistic studies include analysis of airway and blood samples from well-defined asthma groups where we more specifically investigate the transcriptome profiles (ie, mRNA and microRNA expression). In addition, we are in collaboration the national mass cytometry facility SciL-ifeLab in Solna, Stockholm, Sweden, to develop a platform with approximately 40 cell surface or intracellular markers that will be analysed from asthmatics samples within WSAS.
strengths and limitations of this study Nordic countries have had a long tradition of implementing a systematic research approach in understanding chronic diseases and their underlying mechanisms: usually starting from population epidemiological studies to clinical investigations, and further to mechanistic investigations and translation. The establishment of population-wide disease and health registers and excellent and well-characterised longitudinal cohorts involving all age groups, with various social, economical and biological measurements, has continuously allowed multidisciplinary investigations into different chronic diseases. 50 51 Some examples of these studies include the Nordic Medical Birth Registers, 51 52 the Copenhagen City Heart Study, 53 the Hordaland Health Study, 54 the OLIN studies 55 and the European Community Respiratory Health Survey, 56 which are still ongoing, have provided longitudinal data, including on respiratory health, for the past 30 to 50 years. Now, WSAS, representing one example of these population cohort studies, represents one of the largest population-representative studies on asthma in Europe.
The multidisciplinary nature of WSAS -integrating aspects of population epidemiology, clinical and molecular epidemiology, mechanistic investigations and various translational research approaches -establishes it as a major platform to significantly advance clearer understanding of adult asthma, respiratory conditions and allergy and their consequent burden to the society. With the extensive clinical and molecular investigations being undertaken, WSAS represents one of the unique platforms to undertake cutting-edge investigations of the underlying pathogenesis of asthma, involving detailed characterisation of the phenotypes, thereby potentially supporting more targeted therapy and personalised clinical decision-making. Both size of the study and comprehensiveness of measurements are of great significance in successful asthma phenotyping. Constituting a random sample of the population, findings from WSAS can be generalised to adult population of western Sweden. The survey instruments and procedures used in WSAS, having being largely adapted from other national and international population and clinical studies across Europe, ensures that the internal validity of the study is greatly enhanced, thus enabling direct comparison of our estimates to the findings from those studies both in time and space. 20 The main limitation of this study is the anticipated decline in participation rate over time. Although the participation rate in WSAS was overall average (with a decline between the survey in 2008 and 2016), current trends in population-based surveys also show a continuous decline in response rate over time. 57 Furthermore, as the study primarily focused on asthma, clinical examination of the nose and skin was not performed.
CollAborAtIon
We welcome discussions from researchers on collaborative projects that will involve the use of WSAS. Currently such collaborations have been established with investigators across the Nordic countries, with the OLIN study and the FinEsS studies. We are also working towards developing a secure database for hosting data continuously generated from WSAS. The ultimate goal is that, in due course, with the necessary permission processes in place, collaborators can gain access to the data for research. *Respective to each outcome, the estimates adjusted for age, gender, family history of asthma and rhinitis, exposure to gas and gas fumes at work place, body mass index, number of siblings, daycare attendance during childhood and being raised on a farm. †Current asthma was defined as follows: ever had asthma or ever diagnosed with asthma by a physician and at least one of: reported use of asthma medication, or recurrent wheeze, or attacks of shortness of breath during the last 12 months. ‡Allergic rhinitis was defined as follows: having had sneezing, runny nose or nasal blocking apart from colds during the last 12 months and having these nasal symptoms occurred simultaneously with itching and running eyes'. §Defined as having ever had recurrent itchy rash for at least 6 months and having had itchy rash during the last 12 months. 
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